Scanning electron microscopy of newly secreted white substance revealed regularly shaped rod-like and beewolf (Philanthus triangulum, Hymenoptera, Crabronidae). Beewolf females cultivate the Streptomybranched structures with a diameter of about 0.5 m ( Figure 1B ). Through transmission electron microscopy, ces bacteria in specialized antennal glands and apply them to the brood cell prior to oviposition. The bacteria these structures were found to be encapsulated in biomembranes, and they sometimes contained circular are taken up by the larva and occur on the walls of the cocoon. Bioassays indicate that the streptomycetes structures consisting of several layers of membranes. We hypothesized that these structures were bacteria protect the cocoon from fungal infestation and significantly enhance the survival probability of the larva, and that those with multiple biomembranes were spores. The overall appearance and the possible occurpossibly by producing antibiotics. Behavioral observations strongly suggest a vertical transmission of the rence of spores suggested that these bacteria belong to the actinomycetes. bacteria. Two congeneric beewolf species harbor closely related streptomycetes in their antennae, indiTo verify the identity of these bacteria, we used culture-independent molecular techniques. Isolation of DNA cating that the association with protective bacteria is widespread among philanthine wasps and might play from antennae of female beewolves and amplification via polymerase chain reaction (PCR) with actinomycetean important role in other insects as well. This is the first report on the cultivation of bacteria in insect anspecific primers [8, 9] confirmed the presence of actinomycete bacteria. We sequenced about 1300 bp of the tennae and the first case of a symbiosis involving bacteria of the important antibiotic-producing genus 16S rDNA and compared it to known actinomycete sequences. A phylogenetic analysis showed that the bacStreptomyces.
The whole group is characterized by the ability to synthesize a huge diversity of antibacterial and antifungal secondary metabolites [11, 12] . In fact, most of the antibiotics used for medical application are produced by (RDP II) [10] . The oligonucleotide probe was labeled with a fluorescent dye (Cy3) and used for fluorescence in Streptomyces species [12, 13] . Despite this high potential for producing antibiotics, which would predestine situ hybridization (FISH). The probe clearly stained large These ants tend fungus gardens in their nests for nutrition, and they carry the bacteria on specific regions of In a second series of bioassays, we examined the their cuticle [16] . The actinomycetes produce comimportance of the white substance for the actual survival pounds that specifically inhibit the growth of a specialof larvae in the brood cells. Larvae had a dramatically ized parasitic fungus of the fungus gardens [15, 16] . This reduced survival probability when they had no access association is widespread among attine ants, and the to the white substance ( Figure 5 ; Gehan-Wilcoxon test, vertical mode of transmission points to a long coevolu-Z ϭ 3.401, p ϭ 0.00067). Only 1 out of 15 individuals tionary relationship between the symbionts [16] .
that had no access to the white substance survived Beewolves face a high risk of fungal and bacterial until emergence (6.7%), whereas 15 of the 18 control infestation in the brood cell, especially during the first individuals with white substance (83.3%) successfully days after cocoon spinning, because fungi develop on emerged or survived as larvae until the end of the experithe remains of the honeybee prey and may also infest the ment (45 days). The experiment was terminated after cocoon (unpublished data). We hypothesized that-as in 45 days because the most critical phase after cocoon the attine ants-the beewolf endosymbionts may funcspinning was over, and the surviving larvae had either tion as producers of antibiotics and protect the larva emerged or entered diapause for overwintering. Taken against pathogen attack. We examined cocoons for the together, the results of the bioassays strongly support presence of the antennal bacteria with the FISH method the hypothesis that the Streptomyces bacteria prodescribed above as well as transmission electron mitect the cocoon from fungus infestation and thereby croscopy. The endosymbiotic streptomycetes were increase the survival probability of beewolf larvae. present in large numbers on the walls of the cocoon An important question is how beewolf females acquire (Figure 4) . In fresh cocoons (1-3 weeks old), bacterial the antennal bacteria. A priori, there are two alternatives: cells were conspicuously longer and covered the walls Females might opportunistically take up the bacteria of the cocoons in higher density than in 1-year-old cofrom the environment, or they may inherit them from coons from which the progeny had already emerged. their mother [18] . Observations of larvae searching for We hypothesized that the short cells on old cocoons and apparently ingesting parts of the white substance were metabolically inactive spores. Thus, if the bacteria in the brood cell before spinning the cocoon suggest protect the cocoons from bacterial or fungal infestaa vertical transmission of the bacteria from mother to tions, old cocoons should be more susceptible than daughters (see Movie S2). Further evidence for vertical fresh ones. Bioassays confirmed this hypothesis. between the brood cell and the glass cover. Thus, the white substance that is applied to the ceiling of the brood cell was covered, and the larva had no access to the white substance. In control cells, Experimental Procedures the glass cover was also lifted, but no cover slip was introduced, so the white substance was freely accessible to the larva. Survival PCR and Sequencing of the larvae was checked daily for all brood cells and compared Bacterial DNA was extracted from whole beewolf antennae acbetween groups with survival analysis (Gehan-Wilcoxon test; softcording to a standard phenol-chloroform extraction protocol. The ware: Bias 8.05). Larvae that survived until the end of the experiment following primer pairs were used for amplification of Streptomyces:
(45 days) and individuals that emerged successfully from the cocoon fD1 (forward) [19] and StrepF (reverse) [8] and Act-S20 (forward) [9] were included as censored data. and rP2 (reverse) [19] . 
